Antisera prepared against 16 strains of hantaviruses isolated from patients with hemorrhagic fever with renal syndrome (HFRS) Europe (9). The recent isolation of Prospect Hill virus (8, 8a) and other Hantaan-related viruses (1, 4-6, 15, 18, 20, 21), belonging to the newly proposed Hantavirus genus of the family Bunyaviridae (11), provided an opportunity to investigate further the antigenic relationship between these viruses. Employing the IFA and plaque reduction neutralization (PRN) tests, we found that strains of hantaviruses isolated from patients with HFRS or from rodents captured in HFRS-endemic and nonendemic regions could be categorized into one of four serotypes and that the serotype of any given rodent isolate was determined by the reservoir host species rather than the geographical region. Cross-PRN tests permitted serotypic classification of hantavirus infections in humans and rodents in selected geographical regions and suggested the likelihood of additional serotypes of hantavirus.
By the indirect immunofluorescent antibody (IFA) technique, previous studies have demonstrated a one-way cross relationship between Hantaan and Puumala viruses, the etiological agents of Korean hemorrhagic fever and nephropathia epidemica, respectively, indicating that these viruses were antigenically related but not identical (10, 16) . Further comparisons of IFA titers of sera from other patients with hemorrhagic fever with renal syndrome (HFRS) suggested the existence of additional variants or serotypes of these viruses in Europe (9) . The recent isolation of Prospect Hill virus (8, 8a) and other Hantaan-related viruses (1, 4-6, 15, 18, 20, 21) , belonging to the newly proposed Hantavirus genus of the family Bunyaviridae (11) , provided an opportunity to investigate further the antigenic relationship between these viruses. Employing the IFA and plaque reduction neutralization (PRN) tests, we found that strains of hantaviruses isolated from patients with HFRS or from rodents captured in HFRS-endemic and nonendemic regions could be categorized into one of four serotypes and that the serotype of any given rodent isolate was determined by the reservoir host species rather than the geographical region. Cross (11) and from plasma of Chinese patients with epidemic hemorrhagic fever (strains Hupei-I and Hupei-II). Rodent isolates included the prototype 76-118 strain of Hantaan virus (7, 12) and strain 83-7 isolated from lung tissues of striped field mice (Apodemus agrarius coreae) trapped in Korea; strains IR82-3 (6), SR-11 (4), TR352 (15) , and Tchoupitoulas (18) were isolated from tissues of rats (Rattus norvegicus) trapped in Inchon, Korea, Sapporo and Tokyo, Japan, and New Orleans, La., respectively; Puumala virus strains Sotkamo (1, 11) and Hallnas (20, 21) (7, 12) , Puumala virus strain Sotkamo (1, 11), or Prospect Hill virus strain Prospect Hill-I (8, 8a), were maintained in Dulbecco modified minimal essential medium (M. A. Bioproducts, Walkersville, Md.) supplemented with 5% heat-inactivated fetal bovine serum (56°C for 30 min), 2 mM L-glutamine, 10 mM HEPES, and 50 ,ug of gentamicin per ml. Monolayers were trypsinized after 7 to 10 days of incubation at 37°C, and cells were spotted onto 10-well slides (Cell-line Associates, Newfield, N.J.) for use as antigen in the IFA test. Antigen preparations were free of reovirus and mycoplasma contamination.
Rat antisera and human and wild rodent sera were tested simultaneously against virus-infected and uninfected Vero-E6 cells by the IFA method (8a), with 8 antiglobulin units of fluorescein isothiocyanate-conjugated goat antibodies to human immunoglobulin or to rat immunoglobulin G (Cappel Laboratories, Cochranville, Pa.). IFA titers were expressed as the reciprocal of the highest dilution of serum resulting in specific fluorescence, and titer differences were expressed as log2.
PRN test. Neutralizing antibody titers were determined by a serum dilution PRN method employing immunoperoxidase staining (3a) . Briefly, serial 10-fold dilutions (1:20, 1:200, and 1:2000) of heat-inactivated pre-and postimmune rat antisera or human and rodent sera (56°C for 30 min) were mixed with 100 PFU of each of the selected viruses (strains 76-118, Lee, Tchoupitoulas, TR352, Sotkamo, and Prospect Hill-I) and incubated at 37°C for 1 h. Confluent monolayers of Vero-E6 cells grown in 24-well trays (Linbro; Flow Laboratories, Inc., McLean, Va.) were inoculated with 0.4 ml of the virus-serum mixtures in duplicate and allowed to adsorb for 1 h at 37°C. Inoculated monolayers were then overlaid with media containing either 0.3 or 0.5% methylcellulose (4,000 cP) (Fisher Scientific Co., Fair Lawn, N.J.) and incubated for 5 to 10 days. After incubation, the semisolid overlay was removed, and the monolayers were washed three times with 0.01 M phosphate-buffered saline (PBS), pH 7.2, and fixed with a 1:10 mixture of 20% paraformaldehyde and absolute methanol for 10 min at room temperature. Monolayers were rinsed again with PBS and then incubated with specific antiviral rat antiserum for 30 min at 37°C. Thereafter, the monolayers were rinsed repeatedly (three 5-min washes) with PBS and incubated with horseradish peroxidase-labeled goat antibodies to rat immunoglobulin G (Cappel Laboratories). Finally, 0.05% diaminobenzidine tetrahydrochloride (Sigma Chemical Co., St. Louis, Mo.) prepared in PBS containing 0.01% hydrogen peroxide was added and allowed to react for 10 to 20 min at room temperature, after which plaques were enumerated. PRN antibody titers were expressed as the reciprocal of the highest dilution of serum resulting in the reduction of the number of virus plaques by 80% or more.
RESULTS
Four serologically distinct groups or serotypes were evident from the simultaneous cross-IFA and cross-PRN tests of the antivirus-specific rat antisera (Table 1) . Rat antisera prepared against strains Lee, Jin, and 83-61 had IFA titers (expressed as log2) to prototype strain 76-118 which were 6-and 6.25-fold higher than those to Prospect Hill virus strain Prospect Hill-I and Puumala virus strain Sotkamo, respectively. In contrast, antisera prepared against strains 76-118 and 83-7 had IFA titers which were only 3.5-and 4.5-fold higher, respectively, than those to the heterologous viruses noted above. All of these antisera, however, had high PRN antibody titers to strain 76-118 and low or undetectable neutralizing antibody titers against the heterologous viruses (Table 1 ). This reactivity was designated serotype 1.
The IFA reactions of antisera prepared against strains 76-118 and 83-7 resembled those of antisera from rats immunized with strains IR82-3, Tchoupitoulas, SR-11, TR352, Hupei-I, and Hupei-II in that they were highest to strain 76-118 and 3.5-and 4.5-fold lower, respectively, to Prospect Hill and Puumala viruses. However, these antisera had PRN antibody titers which were highest to strains Tchoupitoulas (Table 1 ) and TR352 (data not shown) and exhibited moderate cross-neutralization of strain 76-118. Thus, these isolates were grouped into serotype 2 (Table 1) . Antisera from rats immunized with Puumala virus strains Sotkamo and Hallnas had IFA titers (expressed as log2) to prototype strain 76-118 and strain Prospect Hill-I which were only 2.5-and 1-fold lower, respectively, than those to strain Sotkamo. Despite extensive cross-reactivity by the IFA test, these antisera displayed high PRN antibody titers against the homologus virus (strain Sotkamo), moderate titers against Prospect Hill virus, and little, if any, neutralizing activity against the remaining heterologous viruses (strains 76-118, Lee, and Tchoupitoulas), thus forming a further category, namely, serotype 3 (Table 1) . A fourth serotype was recognized when antisera prepared against strains, Prospect Hill-I, Prospect Hill-II, and Prospect Hill-III were tested. IFA titers were highest to Prospect Hill virus and 2-and 4.7-fold lower to Puumala virus strain Sotkamo and Hantaan virus strain 76-118, respectively; PRN antibody titers were highest to the homologous antigen, lower to Puumala virus, and bearly detectable to strains 76-118, Lee, and Tchoupitoulas (Table 1) .
The utility of this serotypic classification was evaluated by testing sera from rodents captured in HFRS-endemic and nonendemic regions and sera from HFRS patients residing in widely varied geographical areas. Sera from A. agrarius coreae trapped in Korea (Table 2 ) and sera from patients with classical, severe HFRS in Korea, Far Eastern USSR, and the People's Republic of China (Table 3) gave antibody reactions consistent with serotype 1. IFA and PRN antibody titers of sera from commensal rats (R. norvegicus) captured in Japan and Korea (Table 2 ) and in Brazil and the United States (data not shown) and sera from laboratory workers and urban dwellers involved in rat-associated outbreaks of HFRS in Japan and Korea (Table 3) conformed to serotype 2. Sera from C. glareolus trapped in Sweden (Table 2) and Yugoslavia (data not shown) and sera from patients with HFRS in Sweden, European USSR, and Yugoslavia (Table  3) exhibited IFA and PRN antibody titers resembling serotype 3. Antibody titers akin to serotype 4 were found in sera from M. pennsylvanicus captured in the United States (Table 2 ) and sera from four American mammalogists (Table  3) .
In contrast, sera from HFRS patients in Listice and Banjaluka, Yugoslavia, could not be classified into any of the four serotypes. The IFA titers of these sera were highest to Hantaan virus and 1.5-and 2.5-fold lower to Prospect Hill and Puumala viruses, respectively (Table 4) . Although the PRN antibody titers of these sera were highest against Hantaan virus strain 76-118, the actual titers were not as high as those of sera from patients with Korean hemorrhagic fever or antisera from rats immunized with the 76-118 strain of Hantaan virus.
DISCUSSION
Recently, hantavirus isolates have been categorized into three antigenically distinct groups by using radioimmunoassay (11) and enzyme immunoassay (3) . Our data indicate the existence of four serotypes of hantaviruses, as determined by cross-IFA and cross-PRN tests with antisera prepared against strains of hantaviruses isolated from patients with HFRS and from rodents captured in HFRS-endemic and nonendemic regions. Serotype 1 included Apodemusderived strains, serotype 2 included Rattus-derived strains, serotype 3 included Clethrionomys-derived strains, and serotype 4 included Microtus-derived strains. Human isolates could be categorized according to the rodent species serving as the probable reservoir. Thus, the rodent species, rather than geographical region, from which the isolates were made determined the serotypic profile.
Although the four serotypes were sufficiently distinctive to permit serotypic classification of hantavirus infections in humans and rodents in widely varied geographical areas, some sera, specifically some sera from HFRS patients in Yugoslavia, did not conform to any of the four serotypes described. This suggests the likelihood of yet other serotypes of hantaviruses in Eastern Europe. Moreover, antisera prepared against strains 76-118 and 83-7 had IFA titers which were similar to those obtained with antisera to (11) , and B-1 (17) . Our data also indicate that antisera to Bunyaviridae (11) . Differences in clinical and epidemiologi- 1  64  16  32  200  20  20  <20  2  256  64  128  200  20  20  20  3  1,024  64  256  200  <20  20  20  4  512  64  128  200  20  20  20  5  512  128  256  200  20  20  20  6  1,024  128  256  200  200  20  200  7  4,096  512  1,024  200  20  20  20 a See 
